Prediction equations were determined to estimate daily milk yield from 306 to 395 d in milk for forecasting herd milk sales from Holstein cows in lactation > 305 d. Data were test day milk weights for 65,322 primiparous and 119,220 pluriparous lactations of > 305 d from the Southern US. A forecast model was developed using same lactation 305 d miik yield (in classes of 500 kg increments) that gave similar predicted daily yields as models utilizing last sample milk weight information. This model has the advantage of early forecasting of later milk using projected 305-d yields.
INTRODUCTION
Accurate forecasting of herd milk production and future income from milk sales would aid management decision making. Calving intervals (CI) for Holstein cows enrolled in US DHI programs average 13.5 mo (2) , which indicates that most cows should lactate more than 305 d. However, no information is available to predict extended lactation milk yield based on actual records of cows in milk more than 305 d. This lack of information precludes forecasting cash flows from milk sales and hinders economic assessment of culling and breeding management strategies. Information to improve financial planning and herd man-1988 J Dairy Sci 71:3425--3436 3425 agement would enhance the profitability of dairying. The objective of this study was to develop a method to forecast average milk yield of groups of Holstein cows in the extended lactation period from 306 to 395 d. These forecasts can be combined with projected actual 305-d yields and probable lactation lengths based on reproductive status to estimate future income (e.g., next 12 mo) from herd milk sales. Standardized 305-d projected yields are calculated for cows />50 d in milk in DH1 herds. Therefore, most cows can be assigned to projected actual 305-d milk yield classes (MK305) after cancelling mature equivalent (ME) adjustments. Projected actual 305-d milk plus estimated extended lactation milk for cows with expected CI >12 mo would permit forecast of 12 mo rolling herd milk sales by summing value of predicted milk from cows grouped by MK305 and month of year.
MATERIAL AND METHODS

Data and Edits
Original data were 282,339 Holstein lactations exceeding 305 d from Indiana, Kentucky, North Carolina, Tennessee, and Virginia. Lactations terminated from 1979 to 1983. Data were compiled at the University of Kentucky in two parity classes (primiparous and pluriparous). Exclusions at the time of compilation were for missing first test day milk weight, intervals >59 d between each pair of the first four test days (TD), milk yield less than 907 kg for the first 120 d, no recorded breedings, gestation length outside the range of 265 to 295 d based on subsequent date of calving, and missing dates for calving, drying off, or birth. Subsequent criteria to delete data were no TD between 306 to 395 d (76, Independent data subsets were constructed for each parity class by separating herds by whether last digit of the herd code was even or odd. Parameters to predict extended lactations were estimated from data from odd-numbered herds (1922 herds for primiparous cows and 1955 herds for pluriparous cows). Data from even-numbered herds (1931 herds for primiparous cows and 1961 herds for pluriparous cows) were used to validate the model.
Statistical Methods
A forecast model utilizing MK305 subclasses to predict milk yield from 306 to 395 d, hereafter called extended lactation yield, was of primary interest. Because 305-d milk is predicted early in lactation, most cows can be assigned to yield classes as early as 9.5 mo before extended lactation milk is sold. Therefore, this model should be capable of early forecasting of herd milk sales. Bias for 305-d milk projected at 45 d is approximately 11 kg (11). The assignment of cows to discrete yield classes of 500 kg increments should make this bias relatively inconsequential. The model to describe milk yield for a particular day in milk (DIM) from the last TD prior to 306 d to the first TD after 395 d was: .,10 for primiparous cows and 1,2 ..... 11 for pluriparous cows. The initial class for first parity was <4500 kg and increased by 500 kg increments up to ~8500 kg. Classes for parity >1 were from <5500 kg to 10,000 kg; DPREG n = days pregnant for the ijklmn th ob servatio n; DIM n = days in milk for the ijklmn th observation; bl, b2 = coefficients for linear and Last sample milk yields explain much of the variation in 305-d milk yield as partial lactations lengthen (11). Therefore, a comparison was made of the relative accuracy of using last sample milk yield information when available rather than the forecast method. Secondary models included 1) using the last milk weight prior to 306 d, i.e., the first sample (FSMW) of the data set, as an independent variable to predict extended lactation milk; and 2) using the last sample milk weight (LSMW) to predict milk yield on the next test day. The full secondary models, in addition to effects in the forecast model, consisted of FSMW or LSMW and their interactions with MK305 class and either first or last sample test days in milk (linear and quadratic). Consequently, these secondary models were applied to fewer data than the forecast model because milk weights prior to 306 d were not included as dependent variables.
Analysis was by the SAS General Linear Model procedure. Year and herd effects were absorbed and, therefore, the intercept was not available. Instead, a comparable constant was derived by subtracting Z*... from the sample overall mean, where Z*klmn = A k + SI + (SxMK305)Im + baDPREG n + b2DPREGn 2 + b3mDPREGn b4mDPREGn ~ + bs(DPREGnD1Mn) + b6(DPREGnDIMn 2) + b7 (DPREGn 2 DIMn) + bs (DPREGn 2 DIMn 2 ) + bqmDIMn + blomDIMn 2. The resulting constant contained both the intercept and the weighted average of herd-year effects. Because numerous herds were represented and distributions of observations across herd-years were similar in the independent data sets, the weighted average of herd-year effects was assumed to be appropriate.
An effect of cow was not included in the model. Therefore, no adjustments were made for repeated measures on the same cow. This may underestimate residual variance but will not bias the point estimates unless selection has occurred.
Variances of daily milk yield were heterogeneous for age-season-MK305 subclasses, increasing with test day milk. Therefore, milk yield observations were weighted by reciprocals of the variances of corresponding subclasses to ensure efficient estimation of parameters and valid tests of significance.
Validation of estimates of the parameters for the forecast and FSMW models was quantified by squaring the differences between predicted TD milk yields (calculated from the approximated intercept and parameter estimates for each model) and actual TD milk yields from the independent data from even numbered herds. The squared deviations were summed within age-season-MK305 subclasses and divided by number of observations to approximate residual mean squares within each subclass. Predicted yields for the llth, 12th, and 13th mo of lactation were calculated by summing together predicted daily yields for 306 to 335 d, 336 to 365 d, and 366 to 395 d.
RESULTS AND DISCUSSION
In both the primiparous and pluriparous data sets, increases were observed for DO (from 174 to 195 d for first parity, 170 to 199 d for parity >1) and LL (from 390 to 418 d for first parity, and 379 to 413 d for parity >1) as 305-d yield class increased. Consequently, if milk yield increases in the future, there may be increased need for extended lactation projection factors as more cows lactate >305 d. Lactation length was slightly less for older cows than for primiparous cows in all MK305 classes.
As days in milk on TD increased from < 305 to >395 d, actual 305-d yield increased only slightly (193 kg for first parity cows and 323 kg for older cows). However, DO increased 92 d for each parity subset. Therefore, it appears that if records were adjusted for days carried calf, average producing abilities of cows with lactations extended the most would be similar to those with shorter ones.
Analyses of variance for the forecast model are in Table 1 . All main effects and interactions were highly significant (P<.0001). When analyses were run separately on segmented portions of extended lactation (<336 d, 336 to 365 d, > 365 d) for the pluriparous subset, all effects of DPREG were highly significant (P<.0001) in the 1t th mo of lactation, whereas only the linear and quadratic interactions with MK305 remained significant (P<.007) for the segments from 336 to 365 d and >365 d. Table 2 shows the relative importance of MK305 and DPREG to predict daily milk yield in extended lactation. Omitting MK305 and its interactions resulted in substantial decreases in the coefficient of determination (R2). Omitting DPREG and its interactions decreased the R 2 by only 3 to 5% for primiparous and pluriparous cows.
Several workers have reported that pregnancy status influenced milk yield (1, 3, 6, 8, 9, 12) . The effect of pregnancy on daily yield appears to increase with advancing lactation (1, 3) . Auran (1) and Danell (3) observed a small interaction between pregnancy status and DIM. Oltenacu et al. (6) found that while changes in cumulative 305-d milk yield associated with changes in DO were similar between high and low yielding cows, the effect of DO on cumulative milk beyond 315 d was greater in high than in low yielding cows. The results in Figures 1 and 2 are consistent with their findings. Cows in late pregnancy declined in milk production more rapidly than cows in early pregnancy. Parameter estimates for DPREG x MK305 yield class interactions resulted in a more severe decrease in daily yield due to pregnancy in high than in tow yield classes. The effect of these interactions on persistency was similar in both parity subclasses. Figure 3 shows that daily milk decreased more rapidly as pregnancy advanced for cows 335 DIM compared with those 305 DIM, and for cows 365 DIM compared with those 335 DIM. Susceptibility to the adverse effects of pregnancy on milk yield was apparently similar in mo 12 and 13 of lactation.
Last sample yield is a more accurate predictor of remaining 305-d lactation milk than cumulative yield because it utilizes current performance information (11). Therefore, as expected, the LSMW method, which used the most recent information on daily milk yield, had the highest R 2 ( Table 3) . The FSMW method, using the last available information Cumulative yield (MK305) in the forecast model appears to behave as an effective proxy for the relatively unavailable late lactation milk information. When this information is available, as in the FSMW and LSMW models, inclusion of MK305 is redundant (Table 3) . However, use of MK305 rather than FSMW or LSMW information results in similar predictions of daily milk yield in extended lactation. ferent set of herds in the same geographical region. Calculated error mean squares for even-numbered herds from the forecast model were largest, especially for the pluriparous subsets, and tended to increase as MK305 yield class increased, which was also found in analysis of the odd-numbered herds. Calculated error mean squares for the odd-numbered herds were larger than actual residual mean squares because they were unweighted, and the intercepts and absorbed herd and year effects were approximated. 
Validation of the Models
Means and standard deviations in the evennumbered herds for 305-d milk yield, LL, DO, and DPREG agreed closely with those for the odd-numbered herds. Calculated error mean squares were similar for the independent even and odd-numbered data sets for both the forecast and first sample models (Table 4 ). This result shows that estimated coefficients obtained from the odd-numbered herds were consistent predictors of milk yield for a dif-
Milk Production in Extended Lactation
More milk was produced in extended lactation when expressed as percentage of 305-d yield than was assumed in earlier studies that evaluated costs of days open (4, 7) . Depending on MK305 yield class, pluriparous cows calving from November to February and 125 DO yielded from 5.4 to 5.0%, 4.3 to 3.9%, and 3.3 to 3.0% of their 305-d milk yield in the 11th, 12th, and 13th mo of lactation. Primiparous cows calving in the same season and with the same DO declined in daily milk less rapidly, yielding from 7.1 to 7.0%, 6.2 to 6.0%, and 5.4 to 5.0% of their 305-d milk for the 3 mo of extended lactation. Therefore, milk production and sales in extended lactation for fall and winter calving cows were probably underestimated in previous studies of days open. Consequently, cost of days open would be even 3 PMILK = Means for predicted milk yield on day of observation (kg).
4Actual milk yield means were smaller for the first sample model than for the forecast model, because observations prior to 306 d were excluded as dependent variables in the first sample data set. less than estimated by assumptions by Holmann et al. (4) .
However, March to August and May to August were the seasons with greatest frequencies of calving for primiparous and pluriparous cows in the data set, which may have been due to antagonism between summer calving and days to conception. Extended lactation yields were predicted to be greatest for these calving seasons (see Appendix). Predicted percentages of 305-d yield for pluriparous cows calving in May to August at 125 DO ranged from 6.3 to 5.7%, 5.2 to 4.6%, and 4.2 to 3.8% for the 11th, 12th, and 13th mo of lactation, or approximately 1% more per month than for their winter calving counterparts. Keown et al. (5) also found that although peak yield was generally lowest in summer calving cows, persistency was greatest, probably because of cooler temperatures in the latter half of lactation. Extended lactation yield was adversely affected by increased age in both parity subsets (see Appendix).
CONCLUSION
The forecast model provides a practical way to predict extended lactation milk yield and future herd milk sales. Information about 305-d milk and DPREG is easily obtained from DHI data. The MK305 yield class is a useful proxy for first or last sample milk yield information. Predicted values for daily milk yield in extended lactation obtained from either the forecast or FSMW model were similar despite the lower statistical accuracy of the forecast model. Unlike the first and last sample models, the forecast model can be used to predict extended milk yield for a set of cows within a herd by grouping them by 305-d yield class. Since MK305 projections are available as early as 50 DIM, cows can be first grouped by producing ability and predictions obtained several months before the extended lactation period with later revisions based on reproductive status and more accurate milk projections. Therefore, variables utilized in the forecast Journal of Dairy Science Vol. 71, No. 12, 1988 method are preferred for forecasting future herd income to those from the first and last sample methods. Suitability of these models in other regions of the US needs to be explored.
Extended lactation milk yield, as a percentage of 305-d yield, was greater than previously assumed, especially in first lactations and summer calvings. Underestimating extended lactation milk yield corresponds to an overvaluation of the cost of DO. at <4500 kg and increased by 500 kg increments to >8500 a The 305-d milk yield classes began at <5500 kg and increased by 500-kg increments to >10,000 kg.
